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The  green  polyblepharid  flagellate  Dunalielta  virldis  occurs  in 
highly concentrated salt solutions the world over (for a description and 
further literature  see  (2)). 
It is a naked, green biflagellate (12  ×  8u), with a cupshaped chro- 
matophore and a red eye-spot.  The nucleus is situated in the colorless 
anterior portion.  In the posterior part we find a  doughnut-shaped 
starch-body and a  pyrenoid, which is often situated in the centre of 
the starch-body.  In a previous communication (2) it could be estab- 
lished that  this flagellate must be looked upon as an organism the 
outer  surface  of which has  lyophilic properties and  a  pronounced 
negative  charge. 
This charge may be related to the toxic effect exerted by calcium 
and magnesium salts which, in rather low concentrations, cause the 
disorganisation of the organism.  The environment of the organism, 
however, often contains considerable quantities of both these metals. 
We know, to be sure, of a  great many alkaline lakes in which only 
traces of Ca and Mg are present; but in the evaporation of sea water, 
in the range of densities in which Dunaliella thrives, these elements 
form  a  considerable  percentage  of  the  total  dissolved matter,  as 
Table I  (recalculated from Usiglio (7))  shows. 
Even in strong bitterns, chiefly containing magnesium sulfate and 
chloride, the flagellate appeared after several months of incubation. 
In order to test the effect of various quantities and proportions of 
Na, Mg, and Ca, two strains of Dunaliella (one from Marina, Califor- 
nia, marked M  and one from Sand Springs, Nevada, marked S) were 
transferred to two parallel series, one at a pH of 6; the other kept at a 
pH of 9 by means of K-phosphate mixture.  All cultures contained, 
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moreover, 0.02 per cent Na2SO4 and 0.02 per cent KNOB.  Table II 
shows the  combinations of  the  chlorides  used  in  the  experiment. 
TABLE  I 
Cations in sea water--evaporates (Mter Usigllo) 
lMg  ++]  Specific gravity  Molarity  in  Na  Molarity  in  Mg  Molarity  in  Ca  [Ca++] 
1.026  O, 50  0,055  0.011  5.0 
1.050  0,95  O, 105  0.019  5.5 
1. 126  2,63  0,289  0,035  8.3 
1.214  3,80  0,426  0,018  23.7 
TABLE  II 
Molarity of Cations Used in Antagonism 
Na  Mg  Ca  Ca  Ca  Na  Mg  Ca 
0.1 
0.1 
0.1 
0.1 
0.2 
0.2 
0.2 
0.2 
0.5 
!o.5 
Na  Mg 
1  0 
2  0 
3  0 
4  0 
I  0 
2  0 
3  0 
4  0 
I  0 
2  0 
3  0 
4  0 
I  0 
2  0 
0.01 
0.01 
0.01 
0.01 
0.1 
0.1 
0.1 
0.1 
0.2 
0.2 
0.2 
0.2 
0.5 
0.5 
Na  Mg 
i  0.I 
2  0.1 
3  0.1 
4  0.1 
1  0.2 
2  0.2 
3  0.2 
4  0.2 
1  0.5 
2  0.5 
1  0.1 
2  0.1 
3  0.1 
4  0.1 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.1 
0.1 
0.1 
0.1 
1.67 
1.67 
1.67 
1.67 
1.67 
1.67 
1.67 
1.67 
1.67 
1.67 
1.67 
0.2 
0.2 
0.2 
0.2 
0 
0.7 
0.14 
0.20 
0.27 
0.34 
0.41 
0.47 
0.54 
0.60 
0.67 
0.1 
0.1 
0.1 
0.1 
0.67 
0.6C 
0.53 
0.47 
0.40 
0.33 
0.27 
0.20 
0.13 
0.07 
0.0 
A total of 2  X  2  X  57  =  228 cultures 
The  algae  were grown,  aerobically,  in 50 cc.  flasks,  in the "light box,"  under 
continuous  illumination*  at  a  temperature  varying  between  22°C.  and  24°C. 
* The box is 50 cm. square,  80 cm. high.  Central illumination is supplied by 
three 40 watt lamps. L.  G.  M.  BAAS-BECKING  767 
The series was started January 18, 1930 and examined at regular intervals until 
July, 1930. 
In the Sand Springs salt (collected  November, 1926), apparently only Dunaliella 
cysts and a few fungus spores were left; for no other organisms appeared in the 
cultures.  From  the salt  from a  small lagoonal pond  near  Marina,  California, 
collected July, 1929, several organisms could be cultured besides the Dunaliella 
viridis.  There appeared in certain cultures: 
(a)  Orange cysts, reminiscent of Dunaliella  salina. 
(b) Pink bacteria (Peirce 6). 
(c)  Fungi. 
(d) A blue-green alga (Gloeothece ? or Rhabdoderma  ?). 
(e) A colorless flagellate (Amphimonas  ?). 
The cultures from Marina  gave, therefore, a better picture  of the ecological 
assembly in the natural environment than the cultures from Nevada. 
Within  two weeks,  the  following cultures  from  Marina  and  Sand 
Springs showed copious development, independent of concentration of 
sodium chloride: 
pH 9, 1, 2, 3, and 4 molar NaC1 no magnesium, no calcium 
"  "  "  "  "  "  "  "  "  "  0.01molCa 
"  "  "  "  "  "  "  "  0.1mol Mg no calcium 
"  "  "  "  "  "  "  "  0.1molMg0.01molCa 
There was, however, considerable variation,  even within this series 
of four.  In no instance did the incubation time markedly vary with 
the NaC1 concentration.  In any molarity of NaCI, very rapid devel- 
opment took place (marked increase within 3 to 6 days after inocula- 
tion).  While both the magnesium and calcium retarded the develop- 
ment markedly, the calcium, was the more toxic of the two, as could 
be  predicted  from  previous  experience.  The  cultures  containing 
both magnesium and calcium developed in a  very short time.  So it 
was thought  that,  perhaps,  the  two metals might  be antagonistic  in 
their effect upon Dunaliella.  It must be remembered, however, that 
in an organism like DunalieUa,  both morphologically  and  physiologi- 
cally plastic, the term  "toxic" applies only with certain reservations. 
For the powers of adaptation of this flagellate are great and it is not 
unlikely  that  even  in  solutions  high  in  calcium  and  magnesium,  it 
might develop, be it after a  very long period of time. 
The  antagonisms,  as described originally  by Loeb  (4)  and others, 
are, in a  way, more "dramatic"  in their action.  So also are the cal- 768  SALT EFFECTS  AND  DIYNALIELLA  VIRIDIS  TEOD. 
cium-magnesium antagonisms,  as described by Meltzer and Auer (5) 
and, more recently, by Gellhorn  (3).  To be sure,  the all-or-nothing 
principle  applied  more  or  less  to  the  experimental  series  described 
here,  inasmuch as certain combinations of salts seemed to be utterly 
unsuitable;  still,  we  have  to  remember  that  our  experiment  lasted 
only  six  months. 
While taking incubation time as a measure of toxicity of an environ- 
ment,  we  are  aware  of  the  inadequacy  of  this  yardstick.  For  the 
retardations  in development/nay be due to "previous experience" of 
the organism which, both as a colloid and as a living being, reflects its 
earlier history into the "new" environment.  The strain from Marina 
had  passed only one  transfer  with  heavy infection  on  an  artificial 
medium while the  Sand  Springs  strain  had  passed two transfers  on 
the same medium,  which had the following composition*: 
Tapwater 
~et ce~ 
KNO3 .....................................................  0.05 
K~HPO,  ....................................................  0.05 
MgSO,  .....................................................  0.05 
NaHCOa  ...................................................  0.1 
Salts to a final concentration of 15 per cent. 
pH adjusted to about 9. 
The behavior of both strains  showed a  rather striking parallelism, 
which  encouraged  me  to  believe  that  the  results  express  a  rather 
general  response  of Dunaliella towards  its  environment. 
The  Measurement of Antagonism.--It would  be futile  to  measure 
antagonism by a statistical treatment of the results obtained, because 
of the great number of variables introduced into the experiment.  The 
variable factors are:  acidity, incubation  time, molarity in sodium, in 
magnesium,  and  in  calcium. 
It was thought advisable to group three variables together, namely, 
incubation  time,  magnesium,  and  calcium  concentration.  The way 
in which the degree of antagonism was determined is shown in Fig. 1. 
The plotting of the effects of antagonism may be done by means of a 
phase-diagram  if  the  variables  are  homogeneous.  However,  if  we 
* Suggested by Dr. C. B. van Niel. L. G. M.  BAAS-BECKING  769 
have  three  heterogeneous  variables  as  in  the present  case,  another 
method may be used to advantage.  Fig. 1 represents, on the ordinate, 
the effect on incubation time of concentrations of a substance a; on the 
abscissae,  the effect of concentrations of a substance b.  A  biological 
variable,  for instance incubation time,  is introduced. 
If a  concentration of b  alone causes an incubation time of b2 and a 
concentration of a  alone causes an incubation  time of al and the two 
b 
b2 
bt 
~X 
\ 
\  "  I 
~1  a 2  a 3  a¢ 
C1 
Fro.  1.  Influence of salts a and b upon incubation time (dotted lines). 
additive; no antagonism. 
Effect 
substances show no antagonistic action we may expect their action to 
be additive.  The point c3 represents,  therefore, the combined effect 
of the two salts.  This  point c3 is ~ituated  on the line asb3 and simi- 
larly a point c~, additive effect of bl and a8 will be situated on  the line 
a~b4.  We obtain, therefore, a series of straight and parallel isochrones 
or lines of equal incubation time. 
If there is any antagonism in the action of substances a  and b the 770  SALT  EFFECTS  AND  DUNALIELLA  VIRIDIS  TEOD. 
isochrones will tend to show protrusions in the direction of maximum 
antagonism  (Fig.  2). 
The  angle  a  is  a  measure  of  the  antagonism  arc.tg  ban___, in which 
~ant 
b~  and a~n~ represent the antagonistic concentrations of the substan- 
ces a  and b, if we assume that  this antagonism,  in the range  of con- 
centrations  of a  and  b is independent  of the  concentration.  In  the 
present  paper we will find that,  over small  ranges of concentrations 
bs 
b 
bz 
b; 
a:  a~  a 5  a~. 
Fzc.  2.  Influence of salts  a and  b on incubation time  (dotted lines).  Antag- 
onism, measured~by tgc~. 
this happens  to be the fact; otherwise the bundle of curves would be 
like those depicted in Fig. 3. 
Fig. 4  shows the application of the principle  to cultures from Ma- 
rina  at  pH  9  in  various  molarities  of NaC1.  When  there  are  very 
large amounts of Mg required to detoxify the calcium, the determina- 
tion loses much of its accuracy.  As a matter of fact, there is a  great 
deal of arbitrariness  in the construction of the "contour" lines.  Still, 
it seemed advisable to mention the matter here as it gives an approxi- b4 
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bs 
b2 
bl 
Cll  C[2  Q3  Q4 
FIe.  3.  Antagonism of substances a  and b.  Non-linear. 
TABLE  HI 
Marina pH 9 
Sand 
pH 9 
Mol Na 
1 
2 
3 
4 
Springs  1 
2 
3 
4 
Number 
of 
cultures 
13 
12 
8 
7 
9 
6 
4 
3 
Averages 
Mol Mg  Mol Ca 
0.17  0.08 
0.18  0.07 
0.14  0.018 
0.086  0.015 
0.1  0.09 
O. 1  0.005 
0.075  0.0075 
0.033  0.0067 
Average 
Mg/Ca 
2.1 
2.6 
7.4 
5.8 
1.1 
20.0 
10.0 
4.9 
Mg/Ca from  incubation 
time 
4.0 
6.0 
10.0 
20.0(?) 
4.5 
6.0 
9.0 
18.0 
mate measure of antagonism and also  because it might be a  useful 
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As the incubation  time at  pH 6  is long and  rather  uncertain  and 
as the number of developing cultures at pH 6 was so small, only the 
results at pH 9 are mentioned here. 
Even if we take the averages of the magnesium-calcium ratio of the 
cultures that did develop, we see that there seems to be an antagonism. 
The last column in Table III shows that more magnesium is required 
.• 
No  = 1,0 
:,  .o 
2[Co] 
Na • &O 
hla •  2.0 
-2,6.  o 
2 
hla • 4.0 
-2" dO  ~1  -~a  "20 
FIG.  4.  Antagonistic action of calcium (ordinates) and magnesium (abscissae) 
of Dunaliella  ~iridis  in various molalities of sodium (1-4). 
to detoxify the calcium at higher  concentrations  of sodium chloride. 
Now, when we consider Table  I  again  we see that  when  sea water 
evaporates, the magnesium-calcium ratio increases with the increasing 
NaC1 content of the brine.  This ratio, plotted as a function of NaC1 
concentration,  shows discontinuities at the points where calcium car- 
bonate and gypsum precipitate.  Fig. 5 shows that  the antagonisms, 
as measured in DunalieUa, vary with the NaC1 concentration  in the L,  G. M. BAAS-BECKING  773 
same  range  as  the  Mg/Ca  ratio  in  sea water varies  with  its  NaCl 
concentration. 
Inasmuch as magnesium per se seems toxic to Dunalidla, the upper 
concentration limit seems to be determined by the calcium concentra- 
tions in its environment. 
Now, neither  in  the natural  brines from  Sand  Springs  nor  in  the 
natural brine from Marina, could we detect any calcium or magnesium 
t"lq 
0--~ w.--O 
C: 
2o. 
I0°  C~  CO  3  .-~ 
1  2 
i / 
i111  I 
I  I  iJ'/~/II 
4  r,t~,CL 
FIG. 5.  Ratio  Mg/Ca  as  a  function of Na-concentration  in seawater-evapo- 
rates in relation to the behavior of Dunalidla toward magnesium and  calcium. 
with  the  usual  chemical  methods.  Still,  both  strains  behaved as if 
they were adapted to the chemical environment created by the  evap- 
oration of sea water. 
It is, therefore, not strictly permissible to speak about "calciphobic" 
or "calciphilic"; only the study of the interplay between all the cations 
concerned  (and  in  other  organisms,  also  the  anions)  determine  the 
character  of an organism. 
At the hydrogen ion concentration studied (pH 9), the calcium and 774  SALT  :EFFECTS  AND  DUNALIELLA  VIRIDIS  TEOD. 
magnesium were still in solution.  The margin for precipitation for 
the calcium was narrow, as certain cultures, despite the heavy phos- 
phate buffering, might well have transgressed pH 9.2 and so caused 
the Mg/Ca ratio to be upset.  In no instance could large increases in 
pH be demonstrated.  (Some cultures showed even a slight decrease.) 
The fact that calcium and magnesium proved to be so very toxic in 
acid media cannot be accounted for by precipitation of these metals in 
the alkaline cultures.  From Table I  we may learn one other thing. 
The absolute amount of magnesium increases very rapidly above any 
concentration in which, at corresponding molarities of NaC1, we ob- 
served development within 6  months.  This  confirms the practical 
l-- 
.6 
.4 
.2 
.6 
.2 
I.O 
.6  .2  .4  .6  .2  .t~  .6  ,2  .4  .6  riot  i'13CI I 
2.0  30  4.0  Mol Nod 
pN.6 
pH-9 
I  bl~gricn 
IIIII10u,,,di.ii<, 
0  Pi,.,l,tiod..+,.io. 
+"") DunalilUQ virldli 
FIG. 6.  Occurrence  of various organisms as dependent upon saline environ- 
ment and pH. 
experience of the "briner", who sees in the dying of Dunallella and the 
appearance of red bacteria the point at which most of the calcium is 
precipitated and the brine is ready to "corn". 
The  above  considerations  pertain  to  Dunaliella  viridis.  Fig.  6 
illustrates the limits of its development in the various media.  The 
development of the "red cysts", blue-green algae, and red bacteria is 
also indicated.  As the appearance of red bacteria is bound to organic 
material, not much importance must be attached to the latter data. 
Inasmuch as the light intensity might have been insufficient for the 
development of  the  hematochrome in  the swarmers of the orange 
strain of Dunaliella,  the swarmers probably represented both strains, 
as the development of orange cysts showed. L.  G.  M.  BAAS-BECKING  775 
The blue-green alga was rather friendly toward calcium in the lower 
NaC1  concentrations;  but  it  became  very  sensitive  to  it  at higher 
concentrations, and also to the magnesium, so that, at 4 molar NaC1, it 
only developed in  a  culture  without  bivalent metal.*  The  diagram 
shows that as far as environment is concerned, Dunaliella is the most 
plastic in the green form.  The orange form is more sensitive to  cal- 
cium, not more sensitive to magnesium.  The red bacteria, if we may 
TABLE  IV 
Number of cultures .......... 
Days,  average  incubation 
time  ...................... 
Average pH  ................ 
Aver. [Na]  .................. 
Aver. [Mg]  ................. 
Aver. [Ca]  .................. 
[Mg] 
Aver. ~  ................. 
Aver. size  .................. 
Aver. total  molarity  ......... 
Marina 
swarmers after 
6 months 
20 
47 
8.5 
1.94 
0.20 
0.045 
4.4 
6# x 8.2/~ 
2.59 
Pal- 
mella 
~0 
~0 
8.3 
2.06 
0.14 
0.03 
4.5 
2.51 
Gernli- 
nating 
zygote~ 
8 
T8 
7.8 
1.96 
0.28 
0.02~ 
[0.8 
2.50 
Orange 
cysts 
21 
16 
8.3 
2.30 
0.26 
0.021 
12.4 
ll.7p 
2.77 
Blue- 
green 
8.2 
1.56 
0.13 
0.01: 
0.8 
1.81 
Blue- 
green 
exclu- 
sively 
77 
7.0 
: 1.50 
0.12 
0.040 
3.0 
1.66 
Red 
bacteria 
35 
9.0 
3.0 
0.30 
0 
3.30 
conclude  anything from the meagre data, are most calciphobic.  The 
Dunaliella strain  from Sand  Springs  was  definitely more calciphobic 
especially in the higher NaC1 concentration. 
As it is impossible to get a  clear impression from the perusal of over 
200  records,  a  summary of the  results  is given in  Tables IV and V. 
The averaging of the data obscures many valuable details; still, several 
conclusions may be drawn from the figures on the table. 
* It is probable that the Microcoleus used as "ground cover" in the Mediter- 
ranean and Portugese salterns is more adaptable than the blue-green studied in 
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(a)  The  red  bacteria require  high  salinity,  pH,  and  magnesium. 
They do not develop in cultures containing calcium.  The short in- 
cubation time means a copious supply of disintegrating algae. 
TABLE  V 
Number of cultures  .................. 
Days, average incubation time  ......... 
Average pH  ......................... 
Aver. Na  ........................... 
Aver. Mg  ........................... 
Aver. Ca ............................ 
Mg 
Aver.  Ca ........................... 
Aver. size ........................... 
Aver. total molarity  .................. 
Sand Springs 
swarmers  after 
5 months 
16 
22 
8.6 
1.80 
0.075 
0.011 
6.9 
6.9# x 9.6~ 
1.89 
Fungus 
9 
52 
8.3 
1.34 
0.27 
0.11 
2.5 
1.72 
TABLE  VI 
Marina.  60 Day Culture.  No Mg, No Ca, pit 9 
I~ngth in/a  2M NaCI  3M NaC1  4M NaCI 
3.7-4.9 
4.9-6.1 
6.1-7.3 
7.3-8.5 
8.5-9.7 
9.7-10.9 
10.9-12.1 
12.1-13.3 
13.3-14.5 
12 
10 
10 
29 
6 
3 
0 
0 
0 
Mean 6.89~ 
0 
2 
6 
27 
8 
11 
3 
1 
0 
Mean 8.67~ 
0 
1 
1 
12 
11 
27 
5 
1 
0 
Mean 9.32u 
(b)  Zygotes  of Dunaliella,  which appear in cultures with slow  de- 
velopment, tend to show that this formation sometimes occurs after 
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(c)  The formation of palmella  and swarmers was most marked in 
cultures with rapid  development about  2 molar in NaC1  and with 
rather large Mg/Ca ratio.  The Sand Springs strain is more sensitive 
to calcium. 
(d)  The orange cysts  (19. salina  ?)  develop in  higher molarity of 
NaC1 and require a very high Mg/Ca ratio. 
(e)  The opposite is true for the blue-green and the fungus,  which 
developed in lower NaC1 concentrations and in a low Mg/Ca. 
O  C  U 
0  O  O 
/ 
"-6  "6  -5  -0  .0  Mol~,  /  /0\  ~  7_  0  3  J  NoC1 
/  ~'  IAX  '~  "~  A°--°----°  ~-o,o, 
I  ~  II  \\  ,"  --c  I\ 
I  0"  II  \\  -~  ~  I  \ 
I  /I  /  \ 
20 
tO 
t 
4.s  5.~  o  7  7"9  9a  io.~  n.5  ,2.  7  Is.9/x~ 
Fro.  7.  Frequency-length  diagrams of Du~liella  in various concentrations 
of NaC1. 
Thus,  during the  evaporation of sea water,  we may predict the 
environment will become suitable, in succession for:  blue-green algae 
andfungus--~Dunaliella  viridis, first swarmers and zygotes, then pal- 
mellae-~D, sali~--~red  bacteria. 
It has been claimed that l~naliella swarmers become smaller as the 
concentration of the milieu increases. 
From the concepts developed in this paper, this would not necessa- 
rily follow. 
Actual measurements showed that the size of the swarmers seems to 778  SALT EFFECTS AND DUNALIELLA  VIRIDIS TEOD. 
vary more or less due to frequency of division, as the recently divided 
swarmer is, of course, smaller than the mother-cell  (see Baas-Becking 
and  Baker  (1)).  It  might  be  that  the  bimodal  curves  in  Fig.  7 
actually  represent  two strains  of Dunaliella;  although,  in  these  cul- 
tures, no orange cysts appeared.  On either of the two assumptions, 
there seems to be no reason  to assume that  the size of the flagellate 
depends upon salimty. 
In both Sand Springs and Marina strains, it could be observed that 
a high calcium content of the medium influenced the size of the swarm- 
ers, so  that,  in  cultures  containing  more  than 0.2 tool calcium,  the 
cells were very small  (+5/z  long).  Neither  the magnesium  nor  the 
sodium concentration  seemed to have a  great effect upon size. 
Actual  transfer  experiments,  measuring  change  in  size  of definite 
cells,  are  difficult.  There  is  no  doubt  that  such  experiments  are 
desirable. 
S~MMAI:Y AND CONCet:SlONS 
i. Dunaliella viridis Teodoresco thrives  equally well in  solutions  of 
NaCl 1 to 4 mol and pH 6 to 9. 
2. The organism is  sensitive  to calcium and magnesium, especially 
in acid  medium. 
S. Calcium and magnesium are antagonistic.  In a molar solution 
of NaCI the antagonistic relation  Mg: Ca is 4  to 5.  In a 4 molar 
solution  of  NaCI the  proportion becomes many times as  great (20  :  I). 
4. Although the strains  used in this  investigation  did not occur in 
sea water concentrates, the increase  in the antagonistic  ratio Mg: Ca 
in which they can live closely paralleled the changes in this ratio which 
take place when sea water evaporates. 
5.  The other organisms which occurred in the cultures each show a 
specific relation to Ca and Mg. 
6.  The  size  of  the  cells  of  Dunaliella  does not  decrease  with  in- 
creasing NaC1 content. 
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